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INTRODUCTION
The initiation period of chloride induced corrosion of steel reinforcement in structural concrete is the time during which chloride ions penetrate and migrate from the surface into the concrete until a certain concentration of chloride ions is present at the level of the steel reinforcement. This initiation period is marked by chemical conversions and interactions between the various bulks and movements [5] , [9] - [10] [11], [13] , [15] - [19] , [21] - [22] . With the end of this initiation period and when the quantity of chloride ions is in sufficient amount, the corrosion process of the steel reinforcement begins.
The chloride ion migration speed is increased considerably in the case where the chloride ions are transported by liquid water [1] , [3] , [5] , [8] , [12] , [13] . Adsorption by liquid water capillary suction in a concrete comes from the surface tension acting on the capillary pores walls. It is shown that liquid water is aspired with high gravitational attractions in the concrete, much more important than the terrestrial gravity forces [4] .
The liquid water transport by capillarity was modelled by several authors [7] [12]. The chloride ion transport with the liquid water movement was also highlighted by tests [3] . These recent experimental investigations impose the consideration of the chloride ion movement in corresponding modelling.
This paper reports on a laboratory investigation on liquid water transport into concrete by means of capillary adsorption tests under various temperatures including low temperatures. The concrete variability is taken into account by various concrete mixes providing different permeability properties. The climatic and environmental variability on a structure is reproduced by the test schedule at low temperatures and in brine.
TEST PROCEDURE AND CONCRETE CARACTERISTICS
The capillary adsorption tests at low temperatures consist of immersing the concrete sample in the brine at controlled temperature. The sample sizes are respectively for diameter and height, 50 mm and 30 or 40 mm (Figure 2 ). Three concrete mixes were used for these tests, leading to three different concrete permeability properties (Table 1) . Cement type CEM I 42.5 is used. Concrete C is fabricated with a grain-size distribution different to the two other concretes; aggregates ranging between 0 and 4 millimetres extracted from a lake, contained less fine particles ( Figure 1 ). All three concrete mixes showed good workability. A plasticizer was used as admixture for Concrete A only to obtain good workability despite the low W/C ratio. The samples were extracted by coring and sawing from three wall elements and stored in a climatic chamber with controlled relative humidity (Figure 2 ). When the sample reached the hydrous level by stabilisation weight, the adsorption capillary test at low temperatures was 2nd International Symposium on Advances in Concrete through Science and Engineering 11-13 September 2006, Quebec City, Canada started. The sample surface that faced the formwork is used for the capillarity test. Before sample immersion in the cold saline bath, the required temperature of the samples was reached by storing them in a refrigerator. The cylinder compressive strength was measured at 28 days on two samples for each type of concrete ( Table 2 The connectivity of the capillary pores was determined by Torrent air permeability tests and the Wenner electrical resistivity tests [9] [15] . Connectivity between the capillary pores was most important for Concrete C, followed by Concrete B and finally Concrete A ( Table 2) . The cover concrete permeability of the various concretes decreased with decreasing W/C ratio. However, the difference between the Concrete A and Concrete B was small, and permeability did not correlate linearly with W/C ratio. Also, for Concrete C, the air permeability coefficient was about ten times higher than for Concretes A and B. Capillary pore connectivity is an important parameter since it conditions the inclusion facility as well as water, sulphate, gas and chloride transport in the concrete. On the other hand, pores rather play a storage part where external agents can react with the various concrete components.
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CAPILLARY TESTS AT LOW TEMPERATURES

3.1
Sample drying Drying of the samples was carried out in a box where the air temperature and relative humidity were controlled (). During storage in these boxes, the sample weight evolution was measured. The end of drying appeared when weight stabilization in the samples was observed. Three different levels of drying were carried out in atmospheres with relative air humidity of 74.7%, 56.7% and 27.9%. These three levels of drying are represented thereafter by their relative humidity target value, respectively, 75%, 50% and 25%. The sample drying starting from two different initial hydrous levels is vacuum saturated samples and samples without treatments ().
b) containment atmosphere 25% concrete type A a) drying box 
For the vacuum saturated sample, the water loss was abnormally high ( c) since it was higher than the concrete porosity [2] . This increased water loss may be explained by microcracking during setting in samples during vacuum saturation execution. A microscopic examination on thin blades confirmed this for Concrete C [2] . All in all, the microstructure characteristics are close for the vacuum or not treated samples. However, some differences appeared, i.e., capillarity was slightly stronger for the concretes treated under vacuum. This may be due to microcracking developed in the cement paste. Cracking on the concrete surface was slightly more frequent (with openings from 1 to 10 microns) in the vacuum treated concrete samples.
3.2
Sample cooling Air cooling at various temperature levels was at the initial stage at laboratory temperature of 20°C. The refrigerator made it possible to reach the required temperature thresholds of -20°C, -10°C, 0°C or 10°C in a few hours. Several samples were equipped with temperature sensors in the sample heart, and a thermal insulation around the sample guaranteed a one-way thermal transfer (Figure 4 ). a) sample with a temperature sensor b) temperature change in the sample dried at 25% relative humidity The measurements in the laboratory showed a thermal transfer identical for all concrete types and water contents in the concrete. Thus, thermal transfer rate in the concrete depends primarily on the characteristics of the skeleton of the concrete consisting of the cement paste and the aggregates. On the other hand, water content in the concrete doesn't influence thermal transfer rate in the concrete. The thermal balance duration depends mainly on the temperature variation. For the cover concrete, with a depth from 25 to 30 millimetres, this balance was reached after 4 to 5 hours.
3.3
Capillary tests When the samples were consecutively dried and air cooled, they were introduced into the cold saline bath ( Figure 5 ). The bath temperature had the same temperature as the final cooling air 2nd International Symposium on Advances in Concrete through Science and Engineering 11-13 September 2006, Quebec City, Canada temperature. The test conditions were thus close to those of structural concrete during winter periods. Same temperature levels were applied as for the sample air cooling preventing thermal shock. The sodium chloride concentration in the bath water was 27% which corresponds to salt saturation in the bath. Brine spreading on roadways in winter periods, i.e., the de-icing products, is carried out regularly on the roadways in solid form or in the brine form. Spatial and temporal variability of de-icing products on the roadways in winter periods is large and it is difficult to draw a general rule. Nevertheless, after a salt spreader intervention, the sodium chloride concentrations and his variability on the roadway are important [3] . For example, the sodium chloride concentration in the water can reach 27% on the carriageway in the case of solid de-icing salt spread. The water adsorption by the sample was determined by sample weight increase as a function of time. An original calculation method was developed to take into account the lack of measurements during the first second following the sample introduction into the saline bath by using the Archimedes's principle [2] .
RESULTS
The results of the capillary tests are expressed in terms of brine gain as a function of time depending on the drying level and the applied temperature ( Figure 6 ). The results show that all samples reached a steady state already after less than about one week indicating a very high water adsorption velocity.
The volume of adsorbed water differed depending on the concrete type, the sample drying level and also according to the temperature, for the temperatures below 0°C. The concrete type influenced significantly the amount of adsorbed water. The filling rate of the pores also influenced the adsorbed water amount. For example, by comparing the water adsorbed volume for samples made with the Concrete B and C, dried to 25%, the adsorbed water volume is equivalent ( a, d, g ). This shows that at 25%, the concrete types B and C samples' hydrous level reached the same hydrous level, because the samples dimensions differences of the Concrete type B and C (Figure 2 ). The temperature also affected a part the adsorbed water amount. With temperatures higher than or equal to 0°C, the adsorbed water amount did not differ. On the other hand at temperatures lower than 0°C, the temperature influence is significant for samples with high water content. The temperature effect is reduced if the sample is drier. For dried samples to 75%, the water amount reached approximately 70% at -10°C and approximately 35% at -20°C in comparison with the quantity of water adsorbed at higher temperature ( c, f, i). For the samples dried to 50%, the adsorbed water amount was approximately 45% for concrete type A, 70% for concrete type B and 90% for concrete type C of the amount of water adsorbed at a higher temperature ( b, e, h).
The capillary adsorption rate is represented by the speed to fill all the pores by the water, visualized by sample weight stabilization (). This speed depends on the connectivity of the pores and also on the temperatures. With temperatures lower than 0°C, the adsorption rate also decreased.
For the samples with 75% of relative humidity preliminary drying and the temperature level at -20°C, the capillary adsorption calculation during the first second was not carried out which explains the strong shift in the measurements ( c, f, i). The brine gain results are undervalued and an empirical correction is applied considering the samples corrected.
CONCLUSIONS
1. The effect of low temperature of 0°C, -10°C and -20°C leads to a decrease of about 25% of the water adsorption capacity of conventional wet concrete at a relative humidity of 75%. The effect of the low temperatures on water adsorption becomes insignificant in very dry concretes at a relative humidity of 25%. 2. Water adsorption in a low quality concrete with a W/C ratio of 0.73 and high permeability is three times higher than for good quality concrete with a W/C ratio of 0.42 in wet concrete, at a relative humidity of 75%. Water adsorption decreases to 1.5 times when the concrete is dry, at a relative humidity of 25%. 3. The water adsorption velocity is very high in concrete, since samples reached a steady state already after less than about one week. This velocity decreases with low temperature and wet concrete.
